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In this work, we show VgRBP60 to be an essential trans-acting localization factor that interacts directly with the VM1 motif. Purification and cloning of VgRBP60 reveals it to be highly homologous to a human hnRNP protein, hnRNP I. Supporting a role for this protein in Vg1 RNA localization, we show that base changes within VM1 that specifically block VgRBP60 binding also abolish Vg1 RNA localization in vivo and demonstrate that Vg1 RNA and VgRBP60/hnRNP I are colocalized within the vegetal cytoplasm. Because VgRBP60 is a member of the hnRNP family of RNA-binding proteins, our findings raise the possibility that the assembly of specific RNA-binding proteins onto a transcript in the nucleus could determine the cytoplasmic fate of the RNA.
Results
To demonstrate roles for Vg1 RNA-binding proteins (VgRBPs) in localization, it is necessary to create base changes within putative binding sites and to test for defects in both localization in vivo and protein binding in vitro. Here, we focus on the VM1 motif, as our previous results suggested that VM1 could act as a binding site for an essential trans-acting localization factor. For each VM1 site within the minimal functional localization ele- Together, these data demonstrate that a mutation within VM1 that abolishes localization in vivo also specifically disrupts the binding of VgRBP60 to the Vg1 RNA localization element. Thus, VgRBP60 is implicated with an essential role in Vg1 RNA localization.
Purification and Cloning of VgRBP60
To purify VgRBP60 for further characterization, we first fractionated S100 protein extracts by heparin-agarose chromatography. We assayed for the presence of VgRBP60 by virtue of its ability to UV cross-link to the vg2ϫ1-85 wild-type RNA (Figure 2A ). Fractions containing the highest VgRBP60 binding activity were pooled and applied to RNA affinity columns containing 5Ј subelement RNA transcripts with either wild-type (wt) or mutant (MT) VM1 sites, and the eluates were subjected to UV cross-linking analysis. As shown in Figure  2B , the 60 kDa Vg1 RNA binding activity was observed only in the eluate from a column containing wild-type we have detected expression of only the hnRNP I isoAnti-peptide antisera directed against the C terminus of human hnRNP I/PTB (a generous gift of D. Black) form, as all clones sequenced (n ϭ 14) contain amino acids 298-322, and a single transcript of ‫5.3ف‬ kb is recognize a 60 kDa protein that copurifies with VgRBP60 ( Figure 3C ), and whole-mount immunocytochemistry of observed by Northern blot analysis of oocyte RNA (Figure 3B) .
stage III oocytes using these antibodies demonstrates cytoplasmic localization of VgRBP60 (Figure 4 Figure 1C ), yet the RNA cannot localize. In order to examine whether base changes within VM1 hnRNP I and PTB proteins have primarily been implicated in aspects of nuclear RNA biogenesis, including might be affecting a site (or sites) elsewhere within the RNA that could instead represent primary binding sites alternative mRNA splicing, transcriptional control, and intranuclear RNA transport (reviewed in Valcarcel and for VgRBP60/hnRNP I, we also tested whether the protein could bind the VM1 sequence directly. Our results Gebauer, 1997). Certain hnRNPs have been shown to shuttle between the nucleus and cytoplasm, suggesting using multimerized VM1 sites for in vitro binding ( Figure  1D ) demonstrate that VM1 is indeed a direct binding potential roles in nucleocytoplasmic transport (reviewed in Lee and Silver, 1997; Nakielny and Dreyfuss, 1997). site for VgRBP60/hnRNP I, but does this association 
